IUPAC Commission on the Nomenclature of Organic Chemistry (CON) and IUPAC-IUB Commission on Biochemical Nomenclature (CBN)
The Nomenclature of Cyclitols The sequence rule (R,S) system [1] may be used when it is desired to relate a cyclitol to the general stereochemical notation and for describing the stereochemistry of chiral groups, such as benzylidene, which may be present as substituents; but the procedures described below are reoommended for cyoitol chemistry as such because of the complexity of the sequence-rule procedure in this field.
The nomenclature described below is most useful for cycloalkanes containing only one kind of substituent, and specifically for cyclitols and their esters and ethers, but it may also be applied to their derivatives in which one or more hydroxyl groups have been replaced by other groups. It can also be used with advantage for certain cycloalkane derivatives not containing hydroxyl groups, such as polyhalocycloalkanes. No attempt is made here to define the limits of application rigidly.
Evolution of Cyclitol Nomenclature
The typical stereochemical feature of cyclitols is exemplified by formula (A), usually drawn more simply as (B) or (C), in which the ring is considered as being planar and perpendicular to the plane of the paper, with hydrogen atoms and hydroxyl groups above or below the plane of the ring.
In 1900, Maquenne (2] devised a fractional notation whereby numerals in the numerator denote hydroxyl or other groups (not hydrogen) above the plane of the ring while numerals in the denominator denote hydroxyl or other groups (not hydrogen) below that plane. Thus the above compound received a stereochemical prefix 1,2,4,5 _, which may be 3,6 more conveniently printed as 1,2,4,5/3,6-.
Maquenne did not, however, specify exactly how the numerals were to be assigned to the individual positions, and as the chemistry of cyclitols developed, these assignments were made in different ways. Most notably, logical and selfconsistent methods were fully developed (but not assembled as a set of rules) by Posternak [3] , and his methods have been widely used, though with occasional variants, by others.
The variety of names that resulted is illustrated in Table 1, which gives also the names derived by the two methods detailed in the Rules below. It is an advantage of the Posternak system that the resulting fractional prefix describes not only the relative positions of the substituents but also the absolute configuration of a compound; no additional prefix such as D or L or R or S is needed to differentiate enantiomers, since pairs of enantiomers receive different fractional prefixes by this system, e.g., the enantiomers (D) and (E): This very feature, however, entails serious disadvantages. The fractional prefix-which is all that may be used-gives no indication whether a compound so specified is chiral or achiral, and for a pair of enantiomers gives no indication that they have the same relative stereochemistry, i.e. that they are enantiomers. This is contrary to the practice in the rest of chemical literature, whereby enantiomers receive identical names except for a specific prefix denoting the chirality. Also, specification of racemates becomes somewhat cumbrous by this system in certain cases.
An alternative method of assigning numerals, based in part on previous practioe, was elaborated by S. J. Angyal and L. Anderson in conjunction with the remainder of the Joint Cyclitol Nomenclature Sub-Committee". By this method, enantiomers receive identical fractional prefixes that specify relative stereochemistry, but they receive also an additional prefix D or L (DL is used for a racemate), which specifies the chirality (absolute stereochemistry).
By a majority, the Joint Cyclitol Nomenclature SubCommittee' recommended the latter procedure and this is adopted by the IUPAC and IUPAC-IUB Nomenclature Commissions mentioned above. It is defined below in Part B, headed "Recommended Rules".
At the same time, it has seemed advisable to set out detailed Rules for the older system, because it has been so widely used in cyclitol literature hitherto, and also so that those oontinuing to use it may avoid variants by referring to the procedures here assembled for the first time. These non-preferred Rules are, therefore, given in Part C under the title "Standardised Traditional Prooedure"; they are based on the methods used in Posternak's book [3] .
To aid comparison, the same examples are, in general, used for both sets of Rules, with the same identifying reference numerals.
B. RECOMMENDED RULES
Rule I-1P. Trivia Names I-1.1 1,2,3,4,5,6-Cyclohexanehexols are termed generically "inositols". Individual inositols are differentiated by use of an italicized prefix and hyphen, as follows, the locants (positional numbers) being asigned as descibed in Rule I-3. 4) The special position of 0-substituents is illustrated in Example (35). Examples1°: 4 1,2,3,4,5/0-Cyclopentanepentol These prefixes are used also for inositol derivatives that oontain at least three hydroxyl groups or substituted hydroxyl groups; the fractional notation (see below) is used instead for inositol derivatives containing less than three such groups; I-1.2 x-Amino-x-deoxyinositols are termed generically ainosamines"; 2,3,4,5,6-pentahydroxy-1-cyclohexanones are termed generically "inososes". Individual members of these series are preferably named according to the Rules set out below.
I-1. The relative oonfigurations at ring positions of a cyclitol, other than an inositol or a derivative thereof, are described by means ofa fraction that, together with a hyphen, is placed in front of the oomplete name of the compound, exoept that O-substituents precede the fraction. The numerator consists of the locants (positional numbers, assigned as described below) of those substituents (called below a "set") that lie above or below the plane of the ring, these numbers being arranged in ascending order and separated by commas. The denominator contains the locants of the other set. Conventionally, the set of locants containing the lowest numbers is cited as numerator.
Notes:
1) The fraction may be written with a horizontal or a sloping division line, e.g. 3' '6 or 1,2,4/3,5,6-.
2) "Lowest numbers" are those that, when considered as a single ascending series, contain the lower number at the first point of difference; e.g. 1,2,3,6 is lower than 1,2,4,5.
3) This system of nomenclature differs from the system described in Part C in that it is only conventional which set of locants forms the numerator of the fraction. 8 myo-Inositol is preferred to meso-inositol (which has also been used) because myo defines the single configuration 1,2,3,5/4,6-, whereas meso has general significance. ' Replaces "inositol". In all cases, some form of chirality symbol is also required. The prefix chiro-denotes that these are the only unsubstituted inositols that exist in enantiomeric (chiral) forms. For inositols, criteria (iv) and (v) are applied only when the numbering illustrated in Rule I-1 is not thereby altered.
1) In conformity with other IUPAC Rules, the alphabetical order of prefixes is used in these Rules, except that both names are given when criterion (v) operates.
2) Criterion (vi) is needed only for compounds with mesoconfiguration, being required only for problems involving prochirality [6] . It can be simply applied by noting that it causes numbering to be clockwise when the formula is oriented so that the substituent on the lowest-numbered asymmetric carbon atom of the ring projects upwards.
3) In some cases, for example (7), (9), (10), and (11), various positions are fully equivalent and it is then immaterial which of the equivalent starting points is chosen. 5 4 (ii,vi) See also Examples (2), (3), (5), and (6). When the substituent is a univalent group, the fraction describing the configuration is placed in parentheses in front of the complete name.
Note:
The IUPAC Rule C-10 [7] provides that one type of group be chosen as suffix, named as suffix, and given the lowest possible number(s), the remaining types being named as prefixes. For choice of suffix, see the last (parenthetical) sentence in Rule I-4.1. Note to Rule I4: Replacement of the hydrogen of amino, mercapto, or hydroxy groups by other atoms or groups does not change the numbering of cyclitol derivatives except when it affects criterion (iv) or (v) of Rule I-3. However, the IUPAC Rules [7] require that 'onium' salts, acid, keto, nitrile, aldehyde, and derivatives thereof receive the locant 1; such cases will be relatively rare in cyclitol chemistry. A convenient alternative is to use the terminology exemplified by methiodide, hydrochloride, sulfate, etc.
RBue 1-5. Ab8sdute Configuration I-5.1 The absolute configuration is specified by making a vertical Fischer-Tollens type of projection of the structure, with C-I at the top. The configuration is then designated as D if the hydroxyl group at the lowest-numbered chiral center (or other substituent if no hydroxyl group is present there) projects to the right, and as L if it projects to the left (cf. Fig.I and II ). This symbol, followed by a hyphen, is 2) A simple way of applying this Rule is as follows: when the formula (drawn in the usual way, see Section A-3) is written with clockwise numbering and the substituent on the lowest-numbered asymmetric carbon atom is below (42) the plane of the ring, the oompond is D; if above, it is L.
3) In a great majority of cases the lowest-numbered chiral center is position 1, so that it would be reasonable that D or L should be preceded by the locant of the defining center only when it is not 1. However, acoording to another nomenclature system for cyclitols [8] and also for the related carbohydrate field, the symbols D and L are assigned to the (43) highest-numbered chiral center, which sometimes gives symbols different from those assigned according to Rule I-5.1. It is, therefore, recommended that either the numerall be included (as in these Rules) or a general statement be made in the paper conoerned, for so long as oonfusion might arise. The trivial names given in Rule I-I of the Recommended Rules (Part B) are accepted also for the Rules below, but the configurational prefixes are not italicized or followed by hyphens. The different numbering for dextrorotatory chiroinositol should be noted.
Rule A Numbering is clockwise when the number of substituents above the plane of the ring is the same as, or greater than, the number below that plane. When alternatives remain, then (for clockwise numbering) the formula is orientated so that the substituents above the plane contain the greater number of adjacent cu-substituents and, if a choice still remains, the more compact set of ci8-substituents.
Examples (arrows denote the direction of numbering):
and not and not
This orientation of the formula is used below and is assumed in the numbering rules. Numbering is, however, anticlockwise if the formula is orientated in the opposite way, as in (III), so that the number of substituents above the plane is less than the number below it, but it simplifies interpretation if formulae are generally written as defined in the Rule.
(III) Rule B
All the ring atoms of a cyclitol are numbered serially, the following criteria for lowest numbers being applied successively, so far as necessary to afford a decision: (a) all the substituents considered as one series; (b) substituents above the plane of the ring. The positional numbers (locants) are collected in front of the complete name of the compound, except that O-substituents precede the locants, with those for substituents above the plane (clockwise numbering) as numerator of a fraction and those for substituents below the plane as denominator, the locants in each set being in ascending numerical order; no further locants are required for the groups thus denoted.
Notes: 1) "Lowest" numbers are those that, when considered as a single ascending series, contain the lower number at the first point of difference, for instance: 1,2,4,5, 7 1,2,4,6,7
2) The fraction is written in these Rules on one line, e.g. 1,2,4/3,5,6-, but it may also be written, e.g. 31,26 -.
Examples (effective criterion): 
Rule C When one or more hydroxyl groups of a cyclitol are (i) substituted by an alkyl, aryl, arylalkyl, or acyl group or (ii) replaced by an atom or group that, according to the IUPAC 1965 Rules for the Nomenclature of Organic Chemistry, Section C [7] , leaves OH with priority for citation as suffix, or when a cyclitol is substituted, the numbering of the parent cycitol is retained; when alternative numberings are then possible, the standard rules of nomenclature are applied to decide between them so far as possible. The fractional prefix (if any) is placed after the names of 0-substituents.
Examples: Rule D When a hydroxyl group is replaced, the italicized symbol for the replacing group or atom may be added after the locant of this group or atom in the fractional symbol, no locant then being necesary in the alphabetical part of the name.
Examples: [7] , then that group is numbered one, and this has priority over the criteria of Rule B.
The groups in question are 'onium', acid, keto, nitrile, aldehyde, and derivatives thereof. 
